Surgical releases for arthrogrypotic clubfeet have high recurrence rates, require further surgery, and result in short, painful feet. We asked whether a modified Ponseti technique could achieve plantigrade, braceable feet. Ten patients (mean age, 16.2 months; range, 3-40 months), with 19 arthrogrypotic clubfeet, underwent an initial percutaneous Achilles tenotomy to unlock the calcaneus from the posterior tibia followed by weekly Ponseti-style casts. A second percutaneous Achilles tenotomy was performed in 53%. Mean number of casts was 7.7 (range, 4-12). From pretreatment to completion of initial series of casts, mean scores of Dimeglio et al. improved from 16 to 5 (ranges, 12-18 and 2-9, respectively), Catterall scores (as modified by Pirani and colleagues) from 4.8 to 0.9 (ranges, 1.5-6.0 and 0.0-2.0), and maximum passive dorsiflexion from À45°( range, À75°to À20°) to 10°(range, 0°to 40°). Ankle-foot orthoses maintained correction. At the minimum followup of 13 months (mean, 38.5 months; range, 13-70 months), the mean maximum dorsiflexion was 5°(range, -20°to 20°), two patients had posterior releases and no patient's ambulatory ability was compromised by foot shape. Arthrogrypotic clubfeet can be corrected without extensive surgery during infancy or early childhood. Limited surgery may be required as the children age.
Introduction
Arthrogryposis, or arthrogryposis multiplex congenita, is not a specific diagnosis, but rather a constellation of signs associated with various diseases or syndromes. These conditions have in common nonprogressive congenital contractures in two or more joints in multiple body areas [25] . Etiologies are often multifactorial or as yet unknown. Clubfeet are the most frequent foot deformities of arthrogryposis and tend to be more severe and rigid than idiopathic clubfeet [7, 16, 26, 33, 34, 52] . In 1970, Lloyd-Roberts and Lettin [33] described the goal of treatment of the arthrogrypotic clubfoot is ''to convert a deformed rigid foot into a rigid plantigrade platform.'' Earlier articles detailed the difficulty obtaining a satisfactory result, with three to four procedures performed per foot [16, 23] . Much of the recent literature still highlights the high recurrence rate, describing procedures to treat failed feet [11, 36] .
Current primary treatment options for the arthrogrypotic clubfoot include manipulation and serial casting before an Study conducted at NYU Hospital for Joint Diseases, New York, NY. Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. The authors certify that their institution (NYU Medical Center) has approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research.
extensive surgical soft tissue release [7, 16, 23, 24, 30, 34, 37, 38, 41, 42, 44, [50] [51] [52] and talectomy [8, 13, 16, 17, 20, 23, 29, 31, 34, 36, 38, 41, 45] . Secondary procedures include repeat soft tissue release, talectomy, cancellectomy of the talus and cuboid (Verebelyi-Ogston procedure) [22, 46] , gradual correction using an Ilizarov external fixator [6, 11, 19, 21] , triple arthrodesis [16, 23, 33] , and combined cuboid/cuneiform osteotomies [40] . Most of these procedures usually produce a plantigrade foot, but one with poor range of motion and recurrence of the deformity is common despite consistent orthotic wear [7, 16, 37, 44, 52] . Recurrences are difficult to treat despite the secondary procedures, and the results are often unsatisfactory [7, 8, 16, 20, 31, 37, 41, 44, 52] .
In light of the frequent recurrences requiring further surgery after invasive treatment of arthrogrypotic clubfeet, we believe an important adjunct to the treatment goal of Lloyd-Roberts and Lettin [33] would be ''to achieve that objective with as few procedures, of the least ablative nature, possible.'' This would be similar to Turco's goal for idiopathic clubfeet, obtaining ''a cosmetically acceptable, plantigrade foot; to spare the child and parents the ordeal of multiple operations and hospitalizations'' [48] . Many authors have noted nonoperative treatment, usually serial casting, cannot correct the arthrogrypotic clubfoot deformity because the joint capsules are thickened and rigid [16, 23, 33, 39] . Others, however, demonstrate a number of these feet can be corrected, without recurrences, solely through casting [5, 7, 10, 23, 38, 44] .
Since 1996, the Ponseti method [39] of clubfoot treatment has gained attention and popularity for its ability to correct idiopathic clubfoot deformities. The Ponseti method consists of a series of weekly manipulations and cast changes and, in most patients, a percutaneous Achilles tenotomy before application of the last 3-week cast. The emphasis is on correcting the foot deformity through forefoot abduction, rotating both the calcaneus and the forefoot around the stationary talus. A ''foot abduction brace'' is used for maintenance of the correction. The technique has been reproducibly successful in treating the idiopathic clubfoot [1, 12, 28, 32, 35, 47] .
Recently, the Ponseti method has been used to treat clubfeet associated with distal arthrogryposis syndromes. Boehm et al. [5] used the technique successfully in 24 clubfeet of 12 patients with distal arthrogryposis. Six feet had a relapse but were successfully treated by repeat casting. Bevan et al. [4] also had early success treating clubfeet associated with distal arthrogryposis with the method. Both these authors, as well as Dr Ponseti himself [39] , did not believe the method was applicable to classic or amyoplastic clubfeet, because these are more rigid than clubfeet associated with distal arthrogryposis.
We asked whether the Ponseti method, modified by performing an initial percutaneous Achilles tenotomy before casting would: (1) correct the arthrogrypotic clubfoot; (2) result in a plantigrade foot; (3) avoid extensive surgery during infancy and early childhood despite recurrences; and (4) allow for ambulation to the best of the patient's potential with braces if necessary.
Materials and Methods
We retrospectively reviewed the records of all arthrogrypotic patients who presented to the authors' (WBL, HvB) office or the Ponseti Clubfoot Center with clubfeet for treatment from August 2001 to August 2006. We identified 10 patients (19 feet) presenting at a mean age of 16.2 months (range, 3-40 months). All 10 patients were treated with a modified Ponseti technique by the senior surgeons (WBL, HvB). A multidisciplinary team determined the following specific diagnoses for seven of the patients: two axonal neuropathy, two congenital myopathy, one neurogenic arthrogryposis multiplex congenital, one amyoplasia congenital, and one syndromic, renal and deformational, all of which are nonprogressive syndromes sharing the characteristic of severe fetal akinesia. The remaining three patients had an unspecified arthrogryposis considered to be amyoplasia. None of the patients could be classified as distal arthrogryposis [2, 3, 27] , and most presented with an appearance of classic arthrogryposis [4] with four-extremity involvement, including the larger joints. The minimum followup from the completion of the initial series of casts was 13 months (mean, 38.5 months; range, 13-70 months). Six patients (12 feet) had more than 2 years of followup (mean, 53.6 months; range, 43.5-70 months). At last followup, the mean age was 58.2 months (range, 19-86.5 months). In this Institutional Review Boardapproved retrospective study, patients' charts were reviewed for clubfoot rating scores, age at initial Achilles tenotomy and cast application, number of casts, any further treatment of feet (recasting or surgery), maximum passive dorsiflexion, orthoses, and functional status.
At the initial and each followup visit, each clubfoot was scored using two different clubfoot grading systems, the classification of Dimeglio et al. [14] and the Catterall scores [9] (as modified by Pirani and colleagues and as reported by Lehman et al. [18, 32] ) (Appendix 1); we will refer to this system as the Catterall/Pirani score. The classification of Dimeglio et al. [14] records four parameters of positioning (ankle equinus, hindfoot varus, horizontal plane derotation of the calcaneopedal block [midfoot supination], and forefoot adduction) as well as the presence or absence of four traits (posterior and medial creases, midfoot cavus, and abnormal musculature). Each of the positioning parameters is graded on a 4-point scale, whereas the traits, if present, are worth a point apiece, for a maximum score of 20 points. Point scores of 0 to 5 coincide with a Grade I foot with a mild deformity, 90% reducible; 6 to 10 points is a Grade II or moderate deformity; 11 to 15 points is a Grade III or severe deformity; and feet that score 16 to 20 points are a Grade IV or very severe deformity. The Catterall/Pirani score consists of three hindfoot findings (presence of a posterior crease, emptiness of the heel, and extent of rigid equinus) and three midfoot findings (curvature of the lateral border, presence of a medial crease, and palpation of the lateral head of the talus). Each finding is scored as 0 (no deformity), 0.5 (mild or passively correctible deformity), or 1.0 (severe deformity) for a best possible score of 0.0 and a worst possible score of 6.0. Also, at each visit, maximum ankle dorsiflexion was measured with the knee as straight as possible given the often associated knee flexion contractures.
The first step in the modified Ponseti method was to ''unlock'' the calcaneus from the posterior tibia by performing a percutaneous Achilles tenotomy under local anesthesia in the clinic at the initial visit ( Fig. 1A-B ). This tenotomy was performed exactly as the ones routinely performed on our patients undergoing the Ponseti technique for their idiopathic clubfeet. After the tenotomy, serial weekly Ponseti-style long leg casts with manipulation were started, including changing the first posttenotomy cast after only 1 week (rather than the typical 3 weeks after a tenotomy). Ponseti-style casts are long leg casts with the knee flexed at, or as close as possible to 90°, with gradual abduction of the foot beneath the stabilized talar head [39] . No attempt is made to manipulate the calcaneus into valgus or to pronate the forefoot. The feet were re-evaluated weekly. Once the heel was in valgus and the forefoot was fully abducted (approximately 608) and no longer supinated, the amount of ankle dorsiflexion was assessed. If the ankle could not dorsiflex above plantigrade, a second percutaneous Achilles tenotomy was performed under local anesthesia in the clinic. The last cast was molded in 10°to 20°dorsiflexion and full abduction for 3 weeks regardless of whether the second tenotomy was required. Early attempts to maintain correction with a standard foot abduction orthosis (FAO) led to recurrences, which were treated with repeat casting. Subsequently, we had the patients wear solid ankle-foot orthoses (AFOs) during the day and dorsiflexion pull-strap AFOs at night (Fig. 2 ). For the patients with knee contractures, knee-ankle-foot orthoses (KAFOs) with ratcheting knees were also used at night (Table 1) .
Results
We were able to correct all feet. For the initial series of casts (Table 1) , the mean number of casts was 7.7 (range, 4-12), with 10 of the 19 feet requiring a second percutaneous Achilles tenotomy. Patient 5, a 3 year old, had seven casts, a second tenotomy, and then five more casts. The mean score of Dimeglio et al. [14] was 16 (range, 12-18) pretreatment and five (range, 2-9) at the completion of the initial series of casts. Similarly, the mean Catterall/Pirani scores improved from 4.8 (range, 1.5-6) to 0.9 (range, 0-2). The mean maximum passive ankle dorsiflexion increased from À45°( range, À75°to À20°) pretreatment to 10°(range, 0°-40°) at completion of treatment ( Fig. 3A-F) .
Most patients achieved a plantigrade foot. At the time of latest followup, the mean maximum passive dorsiflexion was 5°(range, À20°to 20°) ( Table 2 ). The six patients (12 feet) with more than 2 years of followup had a mean dorsiflexion of 0°(range, À20°to 20°). Five feet (26.3%) had developed a mean equinus of 10°(range, 5°-20°). All feet remained braceable, and none of the patients' ambulatory ability was compromised by their foot shape.
We were able to avoid extensive surgery in these patients at the time of last followup. Four patients (eight of 19 feet) had early recurrences and required additional series of casts, two of which (four feet) required one additional series (Patients 7 and 9) and the other two patients (four feet) required two additional series (Patients 2 and 6) ( Table 3 ). The mean interval between series was 12.7 months (range, 4-17.5 months) and the mean number of casts in the additional series was 4.8 (range, 2-8). An additional tenotomy was performed in three of the six series. Two patients had late recurrences that required surgery other than a percutaneous Achilles tenotomy. Patient 2 underwent bilateral percutaneous Achilles tenotomies and percutaneous posterior ankle releases for the correction of 5°equinovarus contractures concurrent with posterior knee release procedures at 6.5 years of age (4 years after completion of three series of casts). A percutaneous posterior ankle release is performed by inserting a small hemostat clamp through the stab incision used for the percutaneous Achilles tenotomy. Under fluoroscopic guidance, the clamp is used to penetrate the posterior aspects of the ankle and subtalar joint, then spreading, to disrupt the capsule. Patient 8 did not tolerate his braces and experienced recurrences of 408 of equinus. At 21 months of age, 7 months after the completion of his initial clubfoot casts, he was taken to the operating room to address his hip and knee contractures, at which time he also underwent open bilateral posterior ankle releases. At the latest followup, 3 years and 10 months after surgery, this 5.5 year old continued to refuse to wear braces consistently, and his equinus contractures recurred to 20°. All patients were nonambulatory pretreatment, seven of the 10 being younger than 18 months; five of the 10 patients were ambulatory at latest followup ( Table 2 ). Only three of these five were independent ambulators with orthoses: Patient 1 with hinged AFOs without an assistive device, Patient 2 with KAFOs without an assistive device, and Patient 5 with solid AFOs and a posterior rollator. Patient 7 ambulated with floor reaction AFOs and a gait trainer, and Patient 6 ambulated in school with solid AFOs and a posterior rollator ( Fig. 4A-C) . Three patients ( Patients 3, 4, 8) were not yet ambulatory, but showed continued progress with the potential to attain independent ambulation. The remaining two patients (Patients 9, 10) will most likely remain nonambulatory, showing no ability to kneel tall or stand with bracing and support.
Discussion
Clubfeet associated with arthrogryposis are stiffer than the idiopathic type, and correction is more difficult to obtain and maintain, even with extensive surgery. The Ponseti method of clubfoot correction has been very effective in avoiding surgery for idiopathic clubfeet [1, 15, 28] . We asked if the Ponseti method, modified by an initial percutaneous Achilles tenotomy, could correct arthrogrypotic clubfeet without the need for extensive surgery at an early age and create a foot suitable for ambulation.
The current study has a number of limitations. It is a retrospective case series without a comparison group. In our Ponseti Clubfoot Center, all clubfeet are scored on the Dimeglio et al. and Catterall/Pirani scales each visit as standard protocol. Despite the data not being collected prospectively for this particular study, they were collected consistently in an objective and detailed fashion. The literature provides ample historical information against which we can compare our patients. Our cohort size is small, only 10 patients with 19 affected feet, reflecting a rare condition. The followup period is brief, with a minimum followup of 13 months. The time is therefore inadequate to ensure there will be no more recurrences. We plan future reports with longer followup, including intermediate to late recurrences, but our purpose in this report is to detail the success in correcting stiff arthrogrypotic clubfeet without extensive or ablative surgery during infancy or early childhood. Our study includes children with various diagnoses underlying their arthrogrypotic presentation. Most presented with an appearance of classic arthrogryposis (four-extremity involvement including the larger joints) despite subsequent further diagnostic stratification. None were classified as distal arthrogryposis, which are less rigid and more responsive to cast treatment than clubfeet associated with classic arthrogryposis and amyoplasia [4, 5, 27] . Historically, it has been difficult to correct and maintain the correction of the teratologic clubfeet associated with arthrogryposis. Early treatment is recommended, because arthrogrypotic contractures are most supple during infancy. Even then, treatment has been essentially surgical with a spectrum of progressively more extensive measures recommended, both as primary and secondary procedures. The two most common surgeries are soft tissue releases and talectomies.
Soft tissue procedures range from simple Achilles tenotomies and posterior releases to ''radical'' soft tissue releases [7, 16, 23, 24, 30, 33, 37, 38, [42] [43] [44] [50] [51] [52] . Satisfactory results reported for soft tissue procedures range from 100% to 21% (Table 4 ) with the better correction maintained in feet addressed at a younger age by more aggressive surgeries. The high recurrence rate after soft tissue releases is theoretically the result of insufficient soft tissues medially, which limits the initial correction and the lack of long-term adaptive changes of the wedged apart medial tarsal bones [34] .
Talectomies have been used both as a primary procedure [8, 16, 17, 23, 29, 34, 41] (Table 5 ) and as salvage procedures after recurrences [8, 13, 16, 17, 20, 23, 29, 31, 41, 45] . Removing the talus provides the hindfoot laxity needed to correct equinus and varus deformities and creates a stable neojoint between the mortise and the calcaneus [8, 17, 31, 34] . Talectomies, however, do not adequately address the forefoot deformity [13, 31] . Spontaneous tibiocalcaneal fusion occurs in some patients, although it is not clear if this is an undesirable finding [17, 29, 45] , and it occasionally is performed surgically to alleviate pain after talectomy [36] . The literature is difficult to interpret, because studies often group results of primary and salvage procedures together and combine arthrogrypotic clubfeet with other kinds of teratologic clubfeet. A few authors have suggested talectomy as the primary treatment for arthrogrypotic clubfeet but base their recommendations on only one or two bilaterally treated patients without documented followup [23, 45] . Larger series of primary talectomies report satisfactory results of only 45% to 50% (Table 5) .
Initially, we were unsuccessful using the Ponseti method for children with arthrogryposis and clubfeet, because the severe equinus prevented the heel from rotating under the talus. We then modified the technique by performing an initial percutaneous Achilles tenotomy before any casting. This ''unlocked'' the heel from the posterior tibia and allowed the foot to respond to the manipulation of the Ponseti method. Casts were then changed weekly until the forefoot adduction/supination and hindfoot varus were corrected. Fifty-three percent of the feet required a second percutaneous Achilles tenotomy before the last cast, because the ankle could not be dorsiflexed above plantigrade. We found recurrences first manifested as ankle equinus and hindfoot varus, and therefore believe it important to gain full correction of the hindfoot initially with a goal of attaining 20°of dorsiflexion. Repeating the tenotomy does not appear to cause future foot shape or function difficulties, because the feet tend to be stiff with little active plantar/dorsiflexion regardless of treatment. Other authors have reported on Achilles tendon resection without compromising function [50, 52] . A final cast was worn for 3 weeks followed by bracing to maintain the correction. After recurrences occurred in our first few patients when the typical FAO was used, we changed to solid AFOs during the day and dorsiflexion pull-strapped AFOs at night. We hypothesized the FAOs were not effective in this patient group, because most arthrogrypotics with extensive lower extremity involvement do not kick their legs, unlike the children with idiopathic clubfeet. Likely, that kicking motion helps to stretch out the ankle musculature.
The earlier the feet can be addressed, the more flexible they are and easier they are to correct. Patient 1 needed four casts to correct stiff deformities (Dimeglio et al. [14] score of 17, Catterall/Pirani score of 4.0) at 4 months of age compared with seven casts for Patient 9 with similarly stiff feet (Dimeglio et al. [14] score of 16, Catterall/Pirani score of 5.0) at 13 months of age. Patient 6 required nine casts at 13 months of age compared with 12 casts for Patient 5 at 40 months of age for equally stiff feet (Catterall/Pirani scores of 6.0 and 4.0, respectively, Dimeglio et al. [14] score of 18 for both). Patient 5 was the oldest patient treated in this series, presenting with bilaterally untreated feet at nearly 3½ years of age. Even at that late age, we were able to bring her feet to a plantigrade position, which allowed her to become ambulatory with a posterior rolling walker and AFOs.
Our algorithm for a child with multilevel lower extremity involvement is to treat the feet at initial presentation, when they are at their most flexible. In those patients with knee extension contractures, the casts are molded to gradually increase knee flexion. Once the feet are corrected, KAFOs are fabricated to both maintain the Once the child demonstrates the hip, head, and trunk control necessary for a standing program, any severe knee flexion contractures are addressed by posterior releases alone or, for contractures greater than 40°, together with an Ilizarov frame for gradual contracture correction [49] . All feet in this study were corrected to at least neutral dorsiflexion (plantigrade) after completion of the first series of casts. In our experience, the average number of casts per foot was greater in the arthrogrypotic clubfoot than the idiopathic clubfoot [1] (7.7 versus 5.5). Twenty-one percent of the feet had one additional series of casts and 21% had two additional series of casts to treat recurrences. Two patients had more than Achilles tenotomies; both had bilateral posterior releases, open in one case and percutaneous in the other. Therefore, recurrence requiring surgical treatment is 21% for our series. This rate is likely to gradually rise as the cohort ages, but the treatment is appreciably milder than those for failed talectomies and extensive soft tissue releases. At latest followup, all patients continued to have braceable feet. Functionally, 50% of patients were ambulatory, 30% were perambulatory, and 20% did not have the capacity to ambulate.
A different standard of rating treatment results should be applied to the arthrogrypotic clubfoot compared with the idiopathic clubfoot. The goals are to avoid surgery in the infant and young child and to reduce the extent of any surgery that may be required as the child matures. We found a modified Ponseti method provided initial correction of the arthrogrypotic clubfoot and could be also be used to address most recurrences. Additional limited surgery was performed in only four of the 19 feet. We expect any salvage procedures, if needed, will be much less extensive than those required for feet historically treated with more extensive surgical procedures. We have been able to achieve and maintain braceable feet, creating a stable platform for weightbearing with the extent of surgery, in most cases, being only an Achilles tenotomy. 
